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NCAM expression in endocrine cells 
By M.C.Aletsee-Ufrecht, O.K. Langley1 and M.Gratzl 
(Abteilung Anatomie und Zellbiologie der Universität Ulm, FRG, 
1 Centre de Neurochimie, INSERM U44, Strasbourg, France) 
With 4 figures 
Introduction 
Cell adhesion is one of the primary processes of morphogenesis involved in several 
stages of development to determine embryonic form. A number of cell adhesion mole-
cules (CAMs) have been described and are named according their presence in differ-
ent tissues. The best-known is NCAM, the neutral cell adhesion molecule (Thiery et 
al., 1977). This membrane associated glycoprotein has been shown to exist in brain as 
three closely related polypeptides (NCAM-180, NCAM-140 and NCAM-120) i.e. of Mrs 
180, 140 and 120 kD. They are characterized by an identical or similar extracellular do-
main which contains the amino-terminal end, the homophilic binding site and the re-
gion with large amounts of sialic acid. NCAM-120 is anchored in the membrane via a 
phospholipid. NCAM-140 and NCAM-180, which are characterized by a transmem-
braneous segment, differ in the length of their cytoplasmic domains. While NCAM is 
widely distributed in the embryo (Crossin et al., 1985; Daniloff et al., 1986), in the adult 
it has been reported to be essentially restricted to cell of the central and peripheral 
nervous system, with the exception of skeletal muscle (Covault and Sanes, 1986) and 
chick lung epithelium (Crossin et al., 1985). The present study demonstrates that 
NCAM Is much more widely distributed in the adult than had been originally sup-
posed. We have extended our investigations on endocrine cells of neural and non-neu-
ral origin and on endocrine cell lines. The cellular distribution of NCAM was studied 
immunocytochemically, and the various NCAM determinants expressed were charac-
terized by immunoblots. 
Materials and methods 
Cell culture: The rat insul inoma (RIN A 2 ) and the pheochromocy toma cell l ines (PC 12) were cul-
tu red as previously descr ibed (Lind et al . , 1987). 
Immunocytochemistry: Adu l t rats were per fused w i th 4 % fo rma ldehyde in phosphate buf fer 
(0,12 M) , and the excised t issues post f ixed in the same so lut ion. 50 urn th ick v ib ra tome sect ions 
and cells were incubated in rabbi t polyc lonal an t i -NCAM-ant iserum (di luted 1:1,000; kindly sup-
pl ied by C. Goridis) and then in perox idase-con jugated sheep ant i - rabbi t IgG (di lut ion 1:100). 
Bound immunog lobu l in was de tec ted w i th d iaminobenz id ine and hydrogen peroxide. CeWs and 
sl ices dest ined for e lect ron m ic roscopy were subsequent ly osmica ted and embedded in Spurr 
resin. 
Immunochemistry: Adu l t rat t issues and cel ls were homogen ized in sample buf fer (62,5 m M ) 
T r i s / 2% SDS) and the prote ins separated e lect rophoret ica l ly under reducing condi t ions 
(Laemml i , 1979). A f te r t ransfer t o n i t rocel lu lose (Towbin et al. , 1979) the str ips were incubated 
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w i th polyclonal rabbi t an t i -NCAM ant iserum (di lut ion 1:1,000), and the bound ant ibody detected 
w i th iodinated prote in A. For the quant i f icat ion of the NCAM polypept ides the opt ica l densit ies of 
the immunosta ined bands were de te rmined by computer -ass is ted analysis ( I . P. S., Kont ron, 
FRG). 
Results and discussion 
The cellular distribution of NCAM was studied in seven different rat tissues and cell 
lines at both the light microscopical and ultrastructural levels. The analysis included: 
posterior lobe, intermediate lobe and anterior lobe of the hypophysis, adrenal me-
dulla, and pancreas, and phenochromocytoma (PC 12) and insulinoma (RIN) cell lines. 
Light microscopy of vibratome sections of the examined tissues and cells immunos-
tained with anti-NCAM all showed prominent cell surface labelling (Langley et al., 
1987, 1988). With the exception of the intermediate lobe, the staining was always very 
intense: neurohypophysis was the most intensely stained tissue studied. In the adeno-
hypophysis all different types of secretory cells were intensely stained; immunocyto-
chemistry of the adrenal medulla showed that both the adrenergic and noradrenergic 
cells were positive for NCAM as reported earlier (Langley and Aunis, 1984). PC 12 cells, 
a tumour cell line derived from a rat pheochromocytoma, were strongly surface la-
belled, in accordance with data provided by other groups (Jorgensen and Richter-
Landsberg, 1983; Prentice et al., 1987). 
The most remarkable result was obtained by staining pancreatic tissue (Fig. 1), an en-
docrine organ considered not to be derived from the neural crest (La Douarin, 1988). 
\ 
Fig. 1. Adu l t rat pancreas immunoperox idase labelled for N C A M . It is ev ident that the reaction 
product is l imi ted to the islets of Langerhans. Scale bar, 20 urn. 
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Fig. 2. Electron mic rograph of a pancreat ic islet label led w i th ant i -NCAM-ant ibody. Only the sur-
face membrane is immunoreac t ive . No intracel lular staining is detectable (sect ion not counter-
stained). Scale bar, 1 urn. 
The immunoreactivity was restricted to the islets of Langerhans, the acinar cells of the 
exocrine pancreas remaining unstained. It can thus be concluded that NCAM is ex-
pressed by endocrine cells of both neural and non-neural origins. Immunocytochemi-
cal studies of the closely related RIN cells, a tumour cell line derived from a rat insulin-
oma, demonstrated again the presence of NCAM antigenic determinants at the cell 
membrane. 
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Fig. 3. Immunolog ica l ident i f icat ion of N C A M in cerebel lum (lane 1), neuro- (lane 2) and adenohy-
pophysis (lane 3). The opt ica l densit is of the immunos ta ined bands were quant ica ted . Cont ro l im-
munob lo ts w i th normal rabbi t serum revealed none of the speci f ic immunoreac t i ve bands at 180, 
140 and 120 kD. Molecular masses (kD) of NCAM are ind icated. 
1 2 3 4 
Fig. 4. Immunolog ica l ident i f icat ion of N C A M in adrenal medul la (lane 1), PC 12 cells (lane 2), pan-
creat ic islets (lane 3) and RIN cells (lane 4). The opt ica l densi t ies of the immunos ta ined bands 
were quant i f i ca ted. Molecular masses (kD) of N C A M are ind icated. 
Electron microscopy of the immunostained sections confirmed the results obtained by 
light microscopy: N-CAM was found to be expressed by all the endocrine cells stud-
ied, distributed over the entire surface. Significant intracellular labelling was not 
noted. Controls employing normal rabbit serum produced none of these specific stain-
ing features. Fig. 2 demonstrates the staining of the pancreatic islet cells by antigenic 
structures. 
Comparison of the immunoblots of the endocrine cells and tissues showed marked 
differences in the pattern of the three different NCAM glycoproteins. Cerebellum 
(Fig. 3, lane 1) was used as a reference. The presence of the three antigenic determi-
nants NCAM-180, NCAM-140 and NCAM-120 is well documented (Langley et al., 1982; 
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Edelman, 1984). The pattern of the neurohypophysis (Fig. 3, lane 2) when compared 
to cerebellum, clearly differed in the amount of the 3 glycoproteins. This endocrine tis-
sue expressed NCAM-140, high contents of NCAM-180 and only trace levels of NCAM-
120 (Langley et al., 1988). In extracts of the adenohypophysis (Fig. 3, lane 3) and the 
adrenal medulla (Fig. 4, lane 1) only the 140 kD variant was present. By contrast, im-
munoblots of the pheochromocytoma cell line (PC 12, Fig. 4, lane 2) were character-
ized by an additional immunoreactive band of molecular weight 180 kD, which is in 
agreement with data reported by Friedlander et al. (1986). The relative amounts of the 
two NCAM determinants varied in the different cell extracts. Isolated pancreatic islets 
(Fig. 4, lane 3) contained only the 140 kD NCAM-immunoreactive band whereas the 
pattern of the insulinoma cell line (Fig. 4, lane 4) ressembled that observed in PC 12 
ceils: The RJN cell extracts showed mainly a band of 140 kD with a less prominent 
band of 180 kD. Compared to the corresponding tissues it is evident that both tumour 
cell lines express an additional NCAM-180 polypeptide, suggesting that the malignant 
transformation is associated with a change in the regulation of NCAM mRNA process-
ing. 
As shown immunocytochemically, all endocrine cells examined express NCAM at their 
surface. However the pattern of the three NCAM polypeptides observed was different. 
It may be concluded that the expression of NCAM in the adult is a common feature of 
endocrine cells, irrespective of their embryonic origin, though the pattern of antigenic 
determinants is very different from that of central nervous system. In addition, with 
the exception of neurohypophysis, the NCAM endocrine phenotype is characterised 
by a predominance of NCAM-140. 
A c k n o w l e d g e m e n t s . W e thank Dr. G. Ahner t -Hi lger for generously prov id ing PC 12 and RIN 
cel ls, Dr. K. Sch i l l ing, H. Frey and W . Podschuwei t fo r thei r help w i t h dens i tomet r ic scans and 
Mrs. M. Rudolf fo r expert technica l assistance. 
This work was suppor ted by Deutsche Forschungsgemeinschaf t (Gr681), by Forschungs-
schwerpunk t no. 24 of the State of Baden-Wür t temberg , and by a tw inn ing exchange PROCOP 
fe l lowsh ip . 
References 
Covault , J . , and J . R . S a n e s : Dis t r ibut ion of N-CAM in synapt ic and extrasynapt ic por t ions of de-
veloping and adul t skeletal musc le . J . Cell Biol . 102, 716-730 (1986). 
Crossin, K. L., C.-M. Chuong and G. M. Edelman: Expression sequences of cell adhesion mole-
cules. Proc. Nat l . Acad . Sei. USA 82, 6942-6946 (1985). 
Dani lof f , J . K., C . -M.Chuong, G.Levi and G . M . Edelman: Di f ferent ia l d is t r ibut ion of cell adhesion 
molecules dur ing histogenesis of the chick nervous sys tem. J .Neurosc i . 6, 739-758 (1986). 
Edelman, G. M. : Cel l-surface modu la t ion and marker mul t ip l ic i ty in neural pat tern ing. Trends in 
Neurosci . , March 78 -84 (1984). 
Friedlander, D. R., M. Grumet and G. M. Edelman: Nerve g row th fac tor enhances expression of 
neuron-gl ia cell adhesion molecu le in PC 12 cel ls .J.Cel l Biol. 102, 413-419 (1986). 
Jorgensen, O. S., and C. Richter-Landsberg: D2-pro te in in PC12 pheochromocy toma cells after 
nerve g r o w t h fac tor s t imula t ion . Neurosci . 9, 665-672 (1983). 
Laemml i , U.K.: Cleavage of s t ructural proteins dur ing the assembly of the head of bacter iophage 
T4 . Nature 227, 680-685 (1970). 
Langley, O.K., M .S .Ghandour , G .Gombos , M.Hi rn and C.Gor id is : Immunocy tochemis t ry of mo-
noclonal ant ibodies in the cerebe l lum. Neurochem. Res. 7, 343-356 (1982). 
Langley, O.K., and D.Aunis: Ul t rastructura l immunocy tochemica l demonst ra t ion of D2-prote in in 
adrenal medul la . Cell Tissue Res. 238, 497-502 (1984). 
Langley, O.K., M.C.AIe tsee and M.Gra tz l : Endocrine cel ls share expression of N-CAM w i th neu-
rones. FEBS Lett. 220, 108-112 (1987). 
4 A c t a h i s t o c h e m i c a , S u p p l . - B d . XXXVI I I 
50 M. C.AIetsee-Uf recht , 0 . K. Langley and M. Gratzl 
Langley, O.K., M.C.AIetsee-Ufrecht , N.J.Grant and M.Gratz l : Expression of the neutral cell adhe-
sion molecule N C A M in endocr ine cells (submi t ted) . 
Le Douar in, N . M . : On the or igin of pancreat ic endocr ine cel ls. Cell 53, 169-171 (1988). 
Lind, I., G. Ahnert -Hi lger , G. Fuchs and M. Gratz l : Puri f icat ion of a lpha-toxin f r o m Staphy lococcus 
aureus and appl icat ion to cel l permeabi l izat ion. Analyt . B iochem. 164, 84 -89 (1987). 
Prentice, H. M., S. E. Moore , J . G. Dickson, P. Doherty and F. S . W a l s h : Nerve g row th factor- in-
duced changes in neural cell adhesion molecule (N-CAM) in PC 12 cel ls. EMBO J.6, 1859-1863 
(1987). 
Thiery, J.-P., R. Brackenbury, U. Rutishauser and G . M . E d e l m a n : Adhes ion among neural cells of 
the chick embryo . I I . Puri f icat ion and character izat ion of a cell adhesion molecu le f r o m neural 
ret ina. J . Cell Biol . 252, 6841-6845 (1977). 
Towb in , H., T .Staehel in and J . G o r d o n : Electrophoret ic t ransfer of proteins f r o m Polyacrylamide 
gels to ni t rocel lu lose sheets: Procedure and some appl icat ions. Proc. Nat l . Acad . Sei. USA 76, 
4350-4354 (1979). 
First author's address: 
Dr. M. Cäcilie Aletsee-Ufrecht, Abteilung Anatomie und Zellbiologie der Universität 
Ulm, Postfach 4066, D-7900 Ulm. 
